We have used the SINFONI near-infrared integral field unit on the VLT to resolve the optical emission line structure of one of the brightest (L Lyα ≈ 10 44 erg s −1 ) and nearest (z ≈ 2.38) of all Lyα blobs (LABs). The target, known in the literature as object 'B1' (Francis et al. 1996) , lies at a redshift where the main optical emission lines are accessible in the observed near-infrared. We detect luminous [OIII]λλ4959, 5007Å and Hα emission with a spatial extent of at least 32 × 40 kpc (4 ′′ × 5 ′′ ). The dominant optical emission line component shows relatively broad lines (600-800 km s −1 , FWHM) and line ratios consistent with AGN-photoionization. The new evidence for AGN photo-ionization, combined with previously detected C IV and luminous, warm infrared emission, suggest that B1 is the site of a hidden quasar. This is confirmed by the fact that 46 erg s −1 , and further conclude that the obscured AGN may be Compton-thick given existing X-ray limits. The large line widths observed are consistent with clouds moving within the narrow line region of a luminous QSO. The AGN scenario is capable of producing sufficient ionizing photons to power the Lyα, even in the presence of dust. By performing a census of similar objects in the literature, we find that virtually all luminous LABs harbor obscured quasars. Based on simple duty-cycle arguments, we conclude that AGN are the main drivers of the Lyα in LABs rather than the gravitational heating and subsequent cooling suggested by cold stream models. We also conclude that the empirical relation between LABs and overdense environments at high redshift must be due to a more fundamental correlation between AGN (or massive galaxies) and environment.
1. INTRODUCTION The nature of the large, spatially extended regions of luminous line emission found around many types of active galactic nuclei (AGN) at both low and high redshifts (e.g., radio galaxies, quasars and Seyferts) have been studied for over three decades (e.g. Heckman et al. 1982; Tadhunter et al. 1986; Baum & Heckman 1989; McCarthy et al. 1987; Fu & Stockton 2009 ). More recently, qualitatively similar structures were found also toward other lines of sight that are not (or, at least, not obviously) associated with luminous AGN (e.g. Francis et al. 1996; Steidel et al. 2000; Prescott et al. 2008; Erb et al. 2011) . These nebulae, often referred to as Lyα halos or "blobs", are most conspicuous at the redshifted wavelength of Lyα, reaching sizes of order 100 kpc and line luminosities of ∼ 10 44 erg s −1 (up to ∼ 200 kpc and ∼ 10 45 erg s −1 for some high redshift radio galaxies, HzRGs).
For the origin of the Lyα emitting gas as well as its main source of ionization there are as many theories as there are Lyα blobs (LABs). Their rarity and association with large amounts of warm, ionized gas suggests a link with massive galaxy assembly, with the Lyα either tracing the giant gas reservoir from which the galaxy is being formed, or the gas that has been expelled by the subsequent superwind from a starburst or AGN. Many radio-quiet LABs show evidence for the presence of an AGN (e.g. Francis et al. 1996; Basu-Zych & Scharf 2004; Chapman et al. 2004; Dey et al. 2005; Scarlata et al. 2009; Geach et al. 2009; Yang et al. 2009; Colbert et al. 2011) , as well as obscured starbursts (Geach et al. 2005; Colbert et al. 2011 ) and outflowing superwinds (e.g. Bower et al. 2004; Wilman et al. 2005; Weijmans et al. 2010 ). The LAB phenomenon has also been connected to the popular 'cold flow' model of galaxy formation, in which the Lyα is largely powered by collisionally excited HI in filamentary streams leading to the object (e.g. Fardal et al. 2001; Dijkstra & Loeb 2009 ). While these predictions are consistent with some of the main blob phenomenology such as their luminosity (function) and morphologies, these models are difficult to test empirically in the presence of heavy star-formation, dust, outflows, merging, or AGN. Also, some LABs show relatively high metallicities or metallicity gradients, indicating that at least the central gas has already been enriched (Francis et al. 1996; Overzier et al. 2001) .
In the Lyα halos associated with radio galaxies, the Lyα line emission is predominantly powered by photo-ionization from an AGN, often with a smaller contribution from shock Panels from left to right show the registered HST/NICMOS H 160 image, the SINFONI H-band channel map centered at the peak of the [OIII]λ5007Å emission line, and a map of the [OIII] emission line flux detected at > 3σ. The maps are 6. ′′ 25 × 6. ′′ 25 or 50 × 50 kpc across. The two square extraction apertures centered on the brightest emission line regions B1 North and South discussed in this paper are indicated in the right-hand panel. The two red galaxies 'B1a' and 'B1b' identified by Francis et al. (2001) roughly coincide with the location of B1 North, but we note that the registration of the HST and SINFONI maps is uncertain by ∼0. ′′ 5 due to the lack of strong continuum in the SINFONI data.
waves associated with radio jets (e.g. Humphrey et al. 2008) . The main arguments in favor of AGN photoionization are the biconical morphologies of the emission line gas observed in some sources, the energetics and line ratios of the extended emission, and the presence of emission line gas well beyond the radio structure (e.g. McCarthy et al. 1990; Villar-Martin et al. 1997; Villar-Martín et al. 2002 Best et al. 2000; Humphrey et al. 2008) . In addition to this, shocks are often invoked to explain the highly perturbed gas motions, shock-like line ratios, high gas temperatures, and energetics of the extended emission most closely associated with the radio structures or in regions well beyond the photoionizing volume (e.g. Dopita & Sutherland 1995; Villar-Martín et al. 1999; Solórzano-Iñarrea et al. 2001; Nesvadba et al. 2007a; Humphrey et al. 2008) . A fraction of HzRGs at z 2 have exceptionally luminous Lyα halos best explained by an additional source of ionizing photons (besides the AGN) that must originate from star formation taking place on scales of tens of kpc throughout the halo (e.g. Pentericci et al. 1998; Villar-Martín et al. 2007a; Hatch et al. 2008) . These starbursts sometimes produce powerful outflows that eject energy into the surrounding gas (Zirm et al. 2005) , analogous to the strong starburst-driven outflows observed in some LABs.
In this Paper we study the LAB J2143-4423 ('B1') at z = 2.38 discovered by Francis et al. (1996) . B1 has a Lyα luminosity of ∼ 8 × 10 43 erg s −1 (Francis et al. 1996; Palunas et al. 2004) . B1 is also a luminous mid-IR source (∼ 0.24 mJy at 24 µm), possibly with polycyclic aromatic hydrocarbon (PAH) emission detected at 7.7 µm and substantial underlying continuum (Colbert et al. 2006 (Colbert et al. , 2011 . This may suggest that B1 harbors an obscured starburst (star formation rate of ∼420 M ⊙ yr −1 ), as well as an obscured AGN (Colbert et al. 2011 ). The object is radio-quiet with a (3σ) upper limit on its radio flux of 3.3 mJy (Francis et al. 1996) . Francis et al. (2001) identified two red galaxies separated by a projected ∼8 kpc near the peak 10 of the Lyα emission of 10 The exact location of the peak Lyα emission with respect to the galaxies is hard to determine as the Lyα centroid changes as a function of resolution and smoothing scale. If measured at arcsec resolution the peak lies about 1 ′′ South of the galaxies, while it moves North at larger smoothing scales. At HST resolution, a Lyα point source is detected coinciding with the easternmost galaxy, but this point source only contains ∼ 13% of the total Lyα flux B1 (see the left panel of Fig. 1 ). Lower surface brightness Lyα emission appears to follow a faint rest-frame UV filament that extends a few arcseconds to the South of the galaxy pair. Although the source is not detected in the X-rays (see Colbert et al. 2011) , it has a significant detection 11 in C IV (F Lyα /F CIV ≈ 7, Francis et al. 1996 ). An interpretation of the entire system was given by Francis et al. (2012) , who suggested that the Lyα (and C IV) emission in B1 could be powered by shocks produced at the interface between a hot central medium and numerous infalling cold clouds, disfavoring the AGN interpretation.
Here, we present an analysis of observations of the main rest-frame optical emission of B1, performed with the Spectrograph for Integral Field Observations in the Near Infrared (SINFONI). The structure of the Paper is as follows. We first describe our data and methods of analysis (Section 2). We then perform an analysis of the two-dimensional and integrated spectra (Section 3), followed by a discussion of the results (Section 4). We use a cosmology in which the angular scale at z = 2.38 amounts to 8.0 kpc arcsec −1 (H 0 = 73 km s −1 Mpc −1 , Ω m = 0.27, Ω Λ = 0.73).
DATA AND ANALYSIS METHODS
We have observed B1 using SINFONI on the VLT in service mode 12 in July 2008. We used the seeing-limited mode giving a pixel scale of 0.
′′ 125 × 0. ′′ 125 and a field of view of 8 ′′ ×8 ′′ . Because the lines are faint, sky or 'off' frames taken only once per 1 hr Observation Block (OB) were scaled and subtracted using the object-free regions of the dithered science or 'on' frames. We obtained 24/6 'on'/'off' frames of 600 s each in J and K, and 43/13 'on'/'off' frames of 300 s each in H. The total science exposure time was 4 hr in each of J and K, and 3.6 hr in H. The data are calibrated following the procedures described in Nesvadba et al. (2008) . In brief, the frames are corrected for dark current and flat-fielded. The absolute positions of each slitlet are determined based on the standard SIN-FONI calibration data. The curved spectra are rectified and of B1 (Francis et al. 1996 (Francis et al. , 2001 . 11 The exact location of the C IV emission is uncertain. Francis et al. (1996) state that C IV coincides with the peak of Lyα, while Francis et al. (2012) argue that the C IV comes from the 'southern end of B1' on the basis of the same 1996 data.
12 Proposal ID: 081.A-0604(A) wavelength calibrated based on arc spectra. At each wavelength, the sky frames are subtracted from the science frames after normalizing the sky to the average measured in the object frame. For each OB, the calibrated frames are spatially aligned based on the astrometry recorded in the headers, and a final combined data cube is constructed after aligning the data from each OB based on a cross-correlation of the line images. We perform a telluric correction and a flux-calibration based on standard star observations.
In order to limit the effects from the sometimes substantial sky residuals, some sigma clipping was performed in postprocessing. An object mask was generated by fitting the main emission lines ([OIII] λ5007 in H and Hα in K) and masking out each pixel with a < 3σ detection. Low and high values were rejected and the mean value of the unmasked region was used for an additional background subtraction. In the analysis below, before fitting individual pixels the data cubes were convolved with a 3×3 (FWHM) pixel Gaussian along the spatial axes, and with a Gaussian filter having a FWHM equal to the instrumental resolution (approximately 6.7Å in J, 5.7Å in H, and 4.9Å in K) along the dispersion axis. Integrated spectra extracted from larger regions were only convolved along the dispersion axis. The [OII]λλ3726,3729 line doublet in J was fitted as a single Gaussian emission line, based on signalto-noise (S/N) and spectral resolution considerations. Groups of emission lines (Hβ and [OIII]λλ4959,5007 in H, and Hα and [NII]λλ6548,6584 in K) were fitted using a series of single Gaussians plus a continuum. The flux ratios of the [OIII] and [NII] line doublets were fixed to the expected 1:3 ratio, and their widths were forced to be equal. The final object mask based on all > 3σ detections of the brightest and cleanest line ([OIII] λ5007) is shown in the right panel of Fig. 1 line relative to the continuum morphology from HST (left panel). Although the absolute registration of the SINFONI data with the images proved somewhat problematic, the region of strongest [OIII] emission roughly coincides with the location of the two galaxies detected with NICMOS. Because these galaxies are approximately 1 ′′ (8 kpc) apart, they are likely not, or only barely, resolved within our ∼ 0.75 ′′ seeing. A secondary, similarly sized but fainter component of B1 lies to the South. We believe that this region coincides with the Southern extension seen in Lyα as well as in faint rest-UV continuum and termed the 'blue filament' in Francis et al. (2012) . In this paper, we will refer to these two main optical emission line regions as 'B1 North' and 'B1 South', respectively. The regions are surrounded by a much more extended region of diffuse line emission (> 3σ per pixel in [OIII] λ5007) measuring about 4 ′′ × 5 ′′ (32 × 40 kpc), as shown in the right panel of Fig. 1 .
The spatially resolved [OII] , [OIII] , and Hα emission line maps are shown in Fig. 2 . The bright region associated with B1 North has a velocity dispersion of order 800 km s −1 (FWHM), seen both in [OIII] and Hα (middle panels). B1 South is associated with much smaller line widths of several hundred km s −1 (FWHM). The velocity shears across B1 are small for all lines, indicating that the motions are unordered or that we are seeing the source face-on. The velocities range from −100 to +100 km s −1 (relative to the redshift at the peak of [OIII] in B1 North) with some higher and lower velocity regions mostly in the low S/N pixels on the outskirts. Weak [OII] emission is concentrated on B1 North, with a possible extension to B1 South seen at low S/N.
We extracted integrated spectra from two 1. ′′ 25 × 1. ′′ 25 apertures centered on B1 North and South (the apertures are indicated in the right-hand panel of Fig. 1 ), as well as from the entire B1 region detected in [OIII] λ5007 at > 5σ. The spectra are shown in Fig. 3 . The complex line width profile seen across B1 somewhat complicates the interpretation of the spectrum integrated over the entire B1 region (top panels) due to the mixing of the relatively broad lines of B1 North (middle panels) with the much narrower lines in B1 South (bottom panels). In the remainder, we will therefore consider the B1 North and South regions separately. The results of our emission line measurements for B1 North and South are summarized in Table 1 With these line flux measurements, we can now also directly calculate the emission line contribution to the broadband fluxes presented in Francis et al. (2001) . We find that the contributions due to [OIII] and Hα+[NII] amount to ≈18% in H 160 and ≈ 32% in K S , respectively, in reasonable agreement with the estimates of ∼ 20% of Francis et al. (2001) .
The observed (i.e. not extinction-corrected) [OIII]λ5007 luminosity of B1 North is L [OIII] ,obs = 1.2 × 10 43 erg s −1 , and the total (observed) [OIII] luminosity of B1 as a whole is 2.5 × 10 43 erg s −1 . This is at the high end of the range of [OIII] luminosities found for LAEs and LBGs at z ≃ 2 − 4 (e.g. Teplitz et al. 2000; Pettini et al. 2001; Maschietto et al. 2008; Kuiper et al. 2011; McLinden et al. 2011) . In order to calculate the intrinsic [OIII] luminosity of B1 North, we need to correct for dust extinction. We measure a 3σ lower limit on the total extinction based on the Balmer decrement F(Hα)/F(Hβ) 4.13 (≈ 6.2, 2σ), implying a nebular extinction of E(B-V) 0.34 (≈0.71, 2σ), and a extinction-corrected luminosity of L [OIII] ,cor = 3.7 × 10 43 erg s −1 (≈1.3 × 10 44 erg s −1 , 2σ).
Line ratios and line widths
The new measurements of the main optical emission line ratios allow us to investigate what is the main source of ionization in B1. In Fig. 4 we show the [NII]/Hα vs.
[OIII]/Hβ diagnostics diagram designed to distinguish between sources in which the main source of ionizing radiation is the UV emission from hot young stars and from AGN (Baldwin et al. 1981; Veilleux & Osterbrock 1987) . In this diagram, starforming galaxies tend to lie to the left of the dashed line which separates sources with and without Seyfert-or LINER-like characteristics (Kauffmann et al. 2003) . The solid line further aims to separate galaxies of mixed or composite spectral type from those that are pure AGN-like (Kewley et al. 2006) . The values obtained for B1 North and South are indicated by the blue and red circles. For non-detections of Hβ we have used the 3σ upper limit for B1 North, and the intrinsic Balmer ratio of Hα/Hβ=2.8 for B1 South. For B1 South we furthermore used the 3σ upper limit on [NII] . Both regions of B1 lie in the AGN-dominated region of the diagram.
Unfortunately, the double limits on B1 South prohibit us of making strong conclusions about this region, due to the nondetections of both Hβ and [NII] . Although the line ratios of B1 South are consistent with those of B1 North, the dominant source of ionization could, besides an AGN, be a starburst given that we only have an upper limit on the [NII]/Hα line ratio. The high [OIII]/Hβ then implies that it is a very low metallicity starburst (see Kewley et al. 2001) . We consider this somewhat unlikely, however, given that the [NII]/Hα measured from integrated spectra of star-forming galaxies are typically higher than those seen in pure HII regions due to ionized material in a diffuse component (Lehnert & Heckman 1994) , and B1 South covers a significant region of diffuse emission. In our discussion below, we will focus our attention on B1 North (the region with the strongest line emission and the largest line widths), but we note that our results would not change significantly if instead we had performed our measurements over both regions or integrated over the entire region of B1.
The relatively large values found for the line ratios in B1 North are inconsistent with stellar photoionization, and indicative of photoionization by an AGN. B1 North has line ratios that are very similar to, for example, the massive AGNhosting starburst galaxy from Lehnert et al. (2009) , or the population of z ∼ 2.5 radio galaxies from Humphrey et al. (2008) . The AGN-interpretation is confirmed by the rather weak [OII] emission. The (3σ) lower limit on the extinctioncorrected [OII] luminosity is ∼ 1 × 10 43 erg s −1 , implying a extinction-corrected [OIII]/[OII] ratio of ≈3.8. This line ratio is a sensitive diagnostic of the ionization parameter, and efficiently separates Seyfert-like objects from star-forming galaxies and LINERS at low redshift (Kewley et al. 2006 K-selected z~2.5 (Kriek et al. 2007) BX z~2 (Erb et al. 2006) cB58 (Teplitz et al. 2000) B1 (Nakajima et al. 2012) , B1 is a large, dusty, and high-metallicity source that is very different from such high redshift galaxies.
In principle, shocks offer an alternative possibility for the line ratios in B1 North. Shocks would also be consistent with the broad line widths of ∼800 km s −1 observed. However, the discrimination between shocks and AGN photoionization is a longstanding problem in astrophysics, even when multiple UV and optical emission lines are available. With just the three line ratios detected in B1, a quantitative distinction is just not possible. Comparing the extinction-corrected line ratios to photo-and shock-ionization model predictions presented in Humphrey et al. (2008) , we conclude that B1 North lies in the region of line ratios where power law photoionization and shock-precursor models overlap. This means that photoionization (either from the shock precursor or from the AGN) rather than collisional excitation due to the shocks dominates the excitation of the gas.
In Fig. 5 we compare the widths of Hα and [OIII] with those of star-forming galaxies and AGN. For Hα, we compare with the distribution of FWHM as measured for z ∼ 2 star-forming galaxies by Förster Schreiber et al. (2006) , and for z ∼ 2.5 HzRGs by Humphrey et al. (2008) Humphrey et al. 2008) . The large gas motions of B1 North are most consistent with those observed in high redshift radio galaxies and Type 2 quasars, and not with star-forming galaxies. studied by Villar-Martín et al. (2011) and the HzRGs from Humphrey et al. (2008) (bottom panel). The kinematics of B1 North are again similar to the mean line widths observed for HzRGs. It is interesting to note that the narrow lines of Type II QSOs reach similar line widths as those of HzRGs, implying that large turbulent motions exist even in sources without strong radio jets. Could the large velocity dispersions and large line ratios be explained by shocks arising from a starburst superwind? This is highly unlikely given that the ratio of mechanical to bolometric energy output from a continuously star-forming galaxy is small on a dynamical time scale (Leitherer et al. 1999; Le Tiran et al. 2011) , and thus we would expect to see the HII region-like emission on some scale in B1, which is not seen.
As we will show below, the simplest scenario that explains most or all of the properties of B1 is photoionization by a luminous obscured quasar.
Evidence for a luminous, obscured AGN
The C IV emission, the AGN-like line ratios, and the relatively high (compared to typical starburst galaxies) velocity dispersions suggest that B1 North hosts a luminous AGN. Let us consider the situation in which the dominant source of ionization is indeed a hidden quasar. Because the BPT line ratios of B1 are consistent with photo-ionization by an AGN, in this scenario we can safely ignore the contribution from strong ionizing radiation fields due to star formation, and thus use the [OIII] luminosity as a direct proxy for the bolometric luminosity of the quasar. Heckman et al. (2004) Lamastra et al. 2009; Harrison et al. 2012; Kim et al. 2013) .
The source has a significant rest-frame 8 µm luminosity of ∼ 3.3×10 11 L ⊙ (Colbert et al. 2006) , previously attributed to dust heated by a possible obscured AGN (Colbert et al. 2006 ) (a conclusion later disfavored by Francis et al. (2012) ). Scaling from the 8 µm luminosity gives L IR ≃ 1 − 3 × 10 12 L ⊙ assuming the source is an AGN or starburst-AGN composite (Wu et al. 2010 ). An obscured QSO is also consistent with the limits at longer infrared wavelengths, assuming that our hidden quasar has a spectral energy distribution similar to, e.g., Mrk 231, a local ULIRG with a QSO-like spectrum (see Fig.  6 ).
B1 has not been detected in the X-rays. Francis & Williger (2004b) placed a limit on the hard X-ray flux of < 10 −15 erg cm −2 s −1 , corresponding to a rest-frame luminosity of L 2−24keV < 4.3 × 10 43 erg s −1 assuming no absorption. A quasar having a bolometric luminosity of a few times 10 46 erg s −1 should have an X-ray luminosity of ∼ 10 45 erg s −1 (Lamastra et al. 2009 ), at least 23× higher than that observed. The non-detection in the X-ray suggests that the quasar is optically-thick (or even Compton-thick, if the intrinsic X-ray luminosity is ∼ 60× higher than the upper limit).
Limits on star formation
What is the role of star formation in the B1 emission line nebula? A relatively unbiased SFR measurement can perhaps be made best in the far-infrared (FIR), regardless of whether an AGN is present or not (Alexander et al. 2005; Menéndez-Delmestre et al. 2009 ). As mentioned, the source has a significant rest-frame 8 µm luminosity of ∼ 3.3 × 10 11 L ⊙ (Colbert et al. 2006) , implying L IR ≃ 1 − 3 × 10 12 L ⊙ (Wu et al. 2010 ). The only longer wavelength constraint available in the literature is a flux density of 2.3 mJy at 870 µm obtained for a stack of several LABs (Beelen et al. 2008) , implying νL ν ∼ 8.8 × 10
10 L ⊙ at a rest-frame of about 260 µm. In addition, we have used archival Herschel/PACS data of B1, finding that it is not detected in any of the PACS channels. We derive upper limits (5σ) of 9.9, 13.6, and 21.3 mJy at 70, 100, and 160 µm, respectively. As shown in Fig. 6 , we can thus rule out IR luminosities of 4 × 10 12 L ⊙ , based on the PACS limits as well as the 870 µm constraint. In Fig. 6 we have indicated the spectral energy distribution of Mrk 231, a local ULIRG with a QSO-like spectrum, scaled to the rest 8µm luminosity of B1 (thick solid line). While such an obscured QSO spectrum is consistent with the PACS limits, B1 may require an additional contribution from cold dust heated by star formation to explain the rest 260 µm emission. Ignoring the QSO contribution at this wavelength (expected to be ∼ 3× lower), and interpreting the cold dust detection as a measure of star formation, we estimate a SFR of ∼570 M ⊙ yr −1 for a Salpeter IMF (380 M ⊙ yr −1 for a Kroupa IMF). Because this ignores any AGN contribution, we consider this an upper limit, and note that B1 is consistent with having no star formation at all.
DISCUSSION

B1 as an AGN-powered Lyα blob
The scenario in which B1 hosts a luminous AGN is consistent with most of its observed properties. Its overall spectral characteristics are, in fact, very similar to those of other luminous, obscured quasars at high redshift (e.g. Nesvadba et al. 2011; Harrison et al. 2012; Kim et al. 2013) . The [OIII] luminosity is comparable to that of the powerful obscured quasars SWIRE J022513.90-043419.9 (SW022513) and SWIRE J022550.67-042142 (SW022550) at z ∼ 3.5 studied by Nesvadba et al. (2011) and Polletta et al. (2011) . Both QSOs are Compton-thick (Polletta et al. 2008 ). The SWIRE QSOs have narrow line region [OIII] line widths of order 1000 km s −1 (FWHM), and the [OIII] emission in SW022513 extends out to at least 10 kpc, consistent with that of B1 North. The line ratios, and the [OIII] size and luminosity are also similar to those of the extended emission line regions observed around low redshift quasars (e.g. Fu & Stockton 2009; Villar-Martín et al. 2011) . In fact, narrow line regions of around 10 kpc are typical of luminous obscured quasars, while regions of up to several tens of kpc are characteristic for the most luminous high redshift QSOs with strong [OIII] emission (Netzer et al. 2004 ). The narrow line regions are also often asymmetric (e.g. Lehnert et al. 2009; Nesvadba et al. 2011) , which may come as no surprise given that most likely there are strong gradients in the local ionizing radiation field due to the high extinction by dust. Now that we have found evidence for an extremely luminous hidden quasar we can finally attempt to estimate the number of ionizing photons available to power the observed Lyα nebulosity of 8×10 43 erg s −1 in the scenario in which the hidden quasar is the main source of ionizing power. In Sect.
3.3 we estimated that L bol,agn ≃ 1.7−4.2×10 46 erg s −1 . We calculate the ionizing luminosity from 200-912Å by assuming a typical radio-quiet quasar spectrum of the form f ν ∝ ν α with α = −0.5 for log(ν) in the range 9-15 and α = −1.5 for log(ν) in the range 15-19 (Richards et al. 2006 ). The total ionizing luminosity is then ∼ 4 × 10 45 erg s −1 , sufficient to provide a luminosity of L Lyα ≈ 3 × 10 45 erg s −1 . Here we have assumed that the fraction of ionizing photons that will cascade to Lyα photons is 68% (case B recombination). Although this number exceeds the actual amount of ionizing radiation likely to be available due to the absorption by dust by a factor of ∼ 10, our hidden quasar scenario still appears to be more than sufficient to power the nebula even without the aid of additional ionizing photons from, e.g., star formation.
Galaxies that have SFRs large enough to provide sufficient ionizing photons to power the Lyα luminosities observed in LABs are typically heavily obscured SMGs. In these galaxies, the large amounts of dust will prohibit significant escape of Lyα photons, although Lyα has been detected in a number of cases, presumably due to strong spatial variations in the dust coverage (Chapman et al. 2003 (Chapman et al. , 2004 . Powerful obscured quasars such as the one we discovered in B1, offer an additional ionizing radiation field that is two orders of magnitude larger than that required by the observed Lyα. This means that, even for the same escape fraction, they can power luminous LABs despite them often being dusty objects as well.
Luminous Lyα blobs harbor luminous Type II AGN
We have shown that (i) B1 harbors an extremely luminous obscured (i.e. Type II) quasar, (ii) only a few percent of the bolometric luminosity is sufficient to power the observed Lyα line luminosity of ∼ 10 44 erg s −1 , and (iii) the extended narrow line region is not unlike that observed toward other quasars at high redshift. The significance of this new finding becomes particularly clear when we perform a census of other Lyα blobs (LABs) found in the literature. Here, we will limit ourselves to the class of truly powerful objects having L Lyα 5 × 10 43 erg s −1 and sizes of order 50-100 kpc in order to avoid the far more common population of lower luminosity and smaller Lyα emitters for which the energy sources become much more ambiguous. The results of our census are summarized in Table 2 , with details on the selected targets as follows: 1. Several LABs were found as part of the same J2142-4423 "proto-cluster" that includes B1 studied in this paper. Strong evidence for B1 as a powerful obscured AGN is presented in this paper. The second brightest object (B6) hosts a Type II AGN as well (Scarlata et al. 2009 ). There is no evidence to date that B5 contains an AGN (Colbert et al. 2011 ). 2. There are five extended LABs in the SSA22 protocluster at z = 3.1 (Steidel et al. 2000 ) that fulfill our criteria (SSA22-Sb1-LAB1, SSA22-Sb1-LAB2, SSA22-Sb1-LAB3 using the nomenclature of Matsuda et al. (2011) . SSA22-Sb1-LAB2 and SSA22-Sb1-LAB3 have been identified as obscured AGN (Basu-Zych & Scharf 2004; Geach et al. 2009; Webb et al. 2009 ). SSA22-Sb1-LAB1 may host a heavily obscured AGN as well based on the detection in a stack of X-ray images of several undetected blobs (Geach et al. 2009 ), but we list it as ambiguous in Table 2 . 3. Matsuda et al. (2011) performed a large-area narrow-band search targeting several fields. By expanding the area around the above-mentioned SSA22 structure, they found two more luminous extended LABs: SSA22-Sb3-LAB1 is identified with a luminous optical QSO. SSA22-Sb6-LAB1 is not currently known to harbor any AGN. Another object, GOODS-N-LAB1, was found to be associated with a previously known optical QSO. Because the two LABs associated with QSOs were discovered serendipitously from the narrow-band survey of Matsuda et al. (2011) , we have listed these objects here rather than in the QSO section of Table 2 . 4. Dey et al. (2005) found a luminous, extended nebula at z = 2.7 (SST24J1434110+331733), most likely harboring a dust-enshrouded quasar based on an analysis of the optical-IR spectral energy distribution. 5. Smith & Jarvis (2007) found a z = 2.83 LAB in the Spitzer First Look Survey. LAB1709+5913 displays no evidence for either AGN or significant star formation that could explain its luminous Lyα nebulosity. Instead, the Lyα could originate from the heating and cooling of gas in an accretion flow. Smith et al. (2009) studied a luminous, extended LAB (AMS05) associated with a Type II QSO at z = 2.85 in the Spitzer First Look Survey. This LAB is particularly interesting given its resemblance to the Lyα halos associated with HzRGs despite the fact that the AGN is orders of magnitude fainter in the radio compared to the FRII sources associated with HzRGs. Similar to B1, the QSO bolometric luminosity is two orders of magnitude higher than that emitted by the Lyα photons. If AMS05 would lie at z = 2.38 its radio flux at 1.4 GHz would be below the upper limit on the flux of B1 (3.3 mJy, see Francis et al. 1996) . 6. Pascarelle et al. (1996) and Keel et al. (1999) have studied a luminous, extended nebula at z = 2.4 (53W002-Object 18) showing broad and narrow lines from an AGN. Keel et al. (2002) detected spatially extended [OIII] emission with a luminosity that is comparable to that of B1. 7. Yang et al. (2009) studied four z = 2.3 LABs in the Bootes field, one of which (Yang-LAB3) is luminous enough to fulfill our criteria. This LAB has broad UV emission lines and an X-ray detection indicative of a luminous unobscured AGN (see also Geach et al. 2009 ). Yang et al. (2010 Yang et al. ( , 2011 ) studied CDFS-LAB01 at z ≈ 2.3, detecting narrow C IV and He II lines. We tentatively classify this source as a Type II AGN, but list it as ambiguous in Table 2 . 8. PRG1 is a z = 1.67 LAB showing extended He II and weak C IV and C III emission lines (Prescott et al. 2009 ). The source has not been detected in the X-ray, but the limits are not very strong for typical Seyfert galaxies. The source was not detected at 24µm or in the radio. This could be reconciled with the AGN-like FUV line ratios if it hosts a heavily obscured AGN. We tentatively classify this source as a Type II AGN, but list it as ambiguous in Table 2 . 9. Luminous, extended Lyα nebulae have also been found around quasars. In Table 2 we provide the median values measured for the sample of radio-loud QSOs from Heckman et al. (1991) , as well as a number of radio-loud and radio-quiet QSOs studied by other groups (e.g. Christensen et al. 2006; North et al. 2012) . 10. Also in Table 2 we list a representative sample of high redshift radio galaxies and properties of their Lyα nebulae selected from the literature (e.g. McCarthy et al. 1990; Venemans et al. 2007; Villar-Martín et al. 2007b; Reuland et al. 2003) . As already stated in §1 there is overwhelming evidence that the main source of ionization in this class of objects is the photoionization by an obscured AGN. Francis et al. (1996) e It is important to note that this subset of well-studied HzRGs occupies the high end of the ranges in Lyα luminosity and major axis size of the general population of high redshift radio galaxies.
Although HzRGs show a number of extreme phenomena that are typically not seen in their radio-quiet counterparts, these phenomena are almost exclusively found in the close vicinity of the radio jets.
The census of narrow-band selected LABs presented in the top part of Table 2 can be considered a complete sample for luminosities of 5 × 10 43 erg s −1 . It is clear that at this high luminosity threshold, the presence of luminous AGN is a common theme among the LABs (10/16 confirmed AGN, 13/16 when including tentative AGN). The luminosities and sizes of the LABs are comparable to those of HzRGs, eventhough the brightest and largest Lyα nebulae are always associated with HzRGs. They are also similar to those found near some radio-quiet and radio-loud quasars. While the majority of radio-loud quasars appear to show extended Lyα nebulae (e.g. Heckman et al. 1991) with properties that are, on average, very similar to those of the LABs, it is not yet clear whether the same is true for their radio-quiet counterparts due to the relatively small sample sizes (Christensen et al. 2006; North et al. 2012) . The detailed comparison between the QSOs and other classes of sources with extended Lyα nebulae (e.g. HzRGs and LABs) is particularly difficult because of sample selection, geometric effects, obscuration, and because in QSOs the line-of-sight is dominated by luminous Lyα emission from the AGN broad line region. Therefore, the QSOs listed in the third part of Table 2 do not form a com-plete sample, but they were specifically chosen to illustrate that the basic properties of extended Lyα nebulae are comparable among the LABs, HzRGs, and (at least some) QSOs.
If we look at the evidence presented in Table 2 , at least 63% (81% when including tentative AGN) of luminous LABs are associated with luminous AGN. These numbers are lower limits because not all LABs have been observed at similar depths or wavelengths. The AGN fraction is thus very high, especially since the AGN duty cycles (the time spent by a black hole in the 'active' state) are believed to be relatively short (10-100 Myr). This must mean that Lyα surveys always tend to find those objects that are in the active state, and therefore are providing a plentiful supply of ionizing photons to their surrounding gaseous medium. Also, because the AGN duty cycles are short (compared to a galaxy building time scale), the LABs that are visible at any given epoch probably represent a larger population of gaseous halos that are not being actively illuminated, at least not to an extent that would give rise to similar luminosities and sizes as those of the LABs listed in Table 2 .
Both the HzRGs and the radio-quiet LABs have been associated with overdense regions in the high redshift largescale structure (Francis et al. 2001 (Francis et al. , 2012 Pentericci et al. 1999 Pentericci et al. , 2000 Steidel et al. 2000; Venemans et al. 2002 Venemans et al. , 2007 Matsuda et al. 2004 Matsuda et al. , 2009 Overzier et al. 2006 Overzier et al. , 2008 Saito et al. 2006; Miley et al. 2004 Miley et al. , 2006 Prescott et al. 2008 Prescott et al. , 2012 Erb et al. 2011 ), leading to a popular hypothesis that the LAB phenomenon is perhaps linked to Lyα cooling radiation in massive dark matter halos as predicted by theory. However, our census of the most luminous LABs presented above appears to indicate that the primary correlation is that between (luminous) LABs and AGN. Geach et al. (2009) reached a very similar conclusion based on deep X-ray observations of the SSA22 field targeting a great number of extended LAEs discovered by Matsuda et al. (2004) . They derived an AGN fraction of at least 17%, but this is considered a strict lower limit as the sample is dominated by sources down to L Lyα ≃ 6 × 10 42 erg s −1 that are X-ray faint. In fact, if indirect evidence for AGN based on IR emission is included, the AGN fraction within the SSA22 field is ∼30%, and if a higher luminosity cut is placed on Lyα to match the selection of Yang et al. (2009) , the AGN fraction is ∼50%. As we have shown, if we increase our Lyα luminosity threshold even further, the AGN fraction among all luminous LABs found in the literature approaches 100%. This is consistent with the recent study of Bridge et al. (2012) , who studied a population of rare, dusty objects having high IR luminosities and warm IR colors suggestive of intense AGN activity (see also Wu et al. 2012 ). 90% show Lyα in emission, with 37% showing Lyα (luminosities 10 42−44 erg s −1 ) extended over >30 kpc, i.e. comparable to the LAB selection criteria of Matsuda et al. (2004 Matsuda et al. ( , 2011 .
If, as we suggest, the primary correlation is between LABs and AGN, then the correlation between LABs and environment could be a secondary one between environment and AGN. The fact that excesses of LABs are primarily found in overdense regions would then simply be due to the fact that overdense regions are overdense in massive galaxies that are more frequently associated with AGN (see also Matsuda et al. 2011) . The extra source of ionizing photons provided by these AGN will further boost the correlation for the most luminous LABs, even if some LABs can be powered by ionizing radiation from star-formation alone. A correlation between LABs and environment is also expected in the cold streams models of Dijkstra & Loeb (2009) . In these models, the most luminous Lyα halos are always associated with cooling radiation from the most massive halos, for which other simulations typically predict that they are host to massive galaxies (and possibly AGN). There is one important difference though. The cosmological cold streams have a duty cycle of ≈1, much longer than that of the AGN. Therefore, if the LABs were powered by gravitational heating (and subsequent cooling), then we would expect a (significant) fraction of the LABs to be associated with massive halos in which the black hole is inactive. The fact that we find an extremely high fraction of AGN, strongly suggests that the AGN is the main driver of the Lyα luminosity in these LABs. Even in the cases where no AGN or extensive star formation is observed, Lyα cooling radiation is not the only alternative explanation. In the nearby universe, examples of massive extended clouds with AGN-photoionized line-ratios have been found around galaxies in which the AGN has apparently switched off on short time-scales (Keel et al. 2012) , illustrating that episodic AGN activity may need to be considered as well when interpreting high redshift LABs.
Irrespective of what is powering the Lyα emission, the photons must be coming from relative cold gas (10 4−5 K). Given that the LABs are probably associated with massive halos with T vir > 10 6 K, it is not clear what is the source of the spatially extended cold gas. It is still possible that the cold gas originates from within the streams. Faucher-Giguère et al. (2010) computed that the spectrum of 'gravitionally heated' cold streams should be double peaked and mostly centered on the systemic velocity. This is different from what is observed in B1. Francis et al. (1996) found that the Lyα emission of B1 has an observed width of ∼600 km s −1 , and is redshifted by 490 km s −1 with respect to C IV. This is similar to the typical offset between Lyα and interstellar absorption features (like C IV) seen in Lyman Break Galaxies (Shapley et al. 2003) . The redshifted Lyα emission 13 suggests that the photons scatter through cold gas in some large-scale outflow (as in e.g. Steidel et al. 2011; Dijkstra & Kramer 2012) . These outflows can explain the level of enrichment of the gas, which may be difficult to maintain if strong cold flows were active. It is interesting to note that our analysis of the optical emission lines showed that although the gas is highly turbulent (velocity dispersions of 800-1000 km s −1 ), it does not have any apparent large velocity shear. This may hold some clues to the process of AGN feedback. The lack of velocity shears may indicate that radiative-mode feedback from the AGN is not capable of inducing large-scale radial flows. LABs might thus offer good test beds for our ideas about radiative mode AGN feedback and its impact on massive galaxy formation.
If the luminous LAB phenomenon is associated with powerful AGN, we would naively expect that the population of LABs should extend toward much lower redshifts than currently probed by Lyα studies, possibly closely following the evolution in the quasar luminosity function. In contrast, Keel et al. (2009) have suggested that LABs may be specific to the high redshift universe, based on their absence in galaxy clusters at z ∼ 0.8. Their study was motivated by the empirical relation between LABs and overdense environments at z > 2. However, the highly active and gas-rich environments typical of overdense environments at z > 2 ("protoclusters") are far from equivalent to the cores of massive, virialized clusters at z < 1 that are dominated by large amounts of hot gas. Instead, we propose that luminous LABs at low redshift may still be found in the more typical, lower density, and gas-rich environments of actively accreting galaxies and AGN. Evidence for this exists in the form of extended ionized nebulae (> few tens of kpc in some cases) around z < 1 radio galaxies and quasars (both radio loud and radio quiet). Although we do not have observations of their Lyα, it is expected that they also have extended Lyα nebulae, possibly more extended than [OIII] or Hα given that it is an intrinsically stronger line (unless heavily absorbed).
It is also possible that the most luminous and extended LABs are only found in the high redshift regime when the cosmological accretion rates of cold gas were highest, providing the source of the gas that is being ionized by the AGN. Zirm et al. (2009) showed that the total luminosities (and sizes) of the Lyα halos around HzRGs strongly decline with decreasing redshift, which does not match any change in the total energy output by the AGN as inferred from their radio or X-ray luminosities. The evolution of their Lyα halos thus appears to be probing a real evolutionary effect perhaps related to the reservoir of gas from which the massive galaxies are forming. This indicates that LABs could still play an important role in the study of cosmological gas accretion modes, although perhaps in a more indirect manner than typically proposed.
SUMMARY
We have used the SINFONI integral field spectrograph to resolve the dominant rest-frame optical emission lines of the luminous (L Lyα = 8 × 10 43 erg s −1 ) Lyα blob 'B1' at z = 2.38 discovered by Francis et al. (1996) . Our main findings and conclusions are as follows.
• We detect luminous [OIII]λλ4959, 5007Å and Hα emission with a spatial extent of at least 32×40 kpc (4 ′′ ×5 ′′ ). The dominant optical emission line component (B1 North) shows relatively broad lines (600-800 km s (FWHM) roughly coincides with a filament of faint Lyα and UV continuum detected previously (Francis et al. 1996) .
• The extinction-corrected [OIII]λ5007 luminosity in B1 is about 1×10
44 erg s −1 . This is high compared to that of typical LAEs, but consistent with that of HzRGs (Humphrey et al. 2008 ) and quasars (e.g. Kim et al. 2013 ) at that redshift. The high luminosity, combined with the evidence for AGN photoionization, suggests that B1 North is the site of a hidden quasar. This is confirmed by the fact that [OII] is relatively weak compared to [OIII] (extinction-corrected [OIII]/[OII] of about 3.8), which is indicative of a high, Seyfert-like ionization parameter. This is consistent with the previous detection of a narrow C IVλ1549Å line, as well as with the high mid-IR luminosity found by Colbert et al. (2006 Colbert et al. ( , 2011 . Although the C IV emission was originally interpreted as evidence of an AGN (Francis et al. 1996) , more recently it was hypothesized that the C IV and Lyα emission could arise from a great number of merging halos and shocked gas clouds (Francis et al. 2012) . In light of the new evidence, we adopt the former interpretation, and conclude that the B1 emission line nebula is the narrow line region of an obscured quasar.
• Based on established relations between L [OIII] and L bol,agn for Type II AGN (Heckman et al. 2004; Lamastra et al. 2009 ) we conclude that B1 North hosts an extremely luminous quasar with a bolometric luminosity of ∼ 3 × 10 46 erg s −1 . The obscured AGN may be Compton-thick given existing X-ray limits.
• We have performed a census of the most luminous LABs selected from the literature, and find that virtually all luminous LABs (L Lyα 5 × 10 43 erg s −1 ) harbor obscured quasars. The properties of LABs in general are furthermore remarkably similar to those of HzRGs and quasars.
• We find that the AGN scenario is easily capable of producing sufficient ionizing photons to power the Lyα luminosities observed.
• The fact that the duty cycle of AGN is relatively short compared to that of cosmological gas accretion as predicted by models, implies that AGN are the main driver of the Lyα luminosity in the most luminous LABs, even if the large-scale cosmological gas flows are providing the material.
• Our findings also imply that the empirical relation between LABs and overdense environments at high redshift suggested by the literature, is primarily due to a more fundamental correlation between AGN (or massive galaxies) and environment.
